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(54) Heat insulation panels manufactured from modified polyisocyan urate foams 

(57) Heat insulation panels made from plates and 
the modified polyisocyanurate foams provided by a reac- 
tion of a polyisocyanate with a polyol composition mix- 
ture comprising a polyol, water, a trimerization catalyst, 
a garbodiimide cata lyst, and an aromatic compound 
used as a chain extender. An amount of the aromatic 
compound used in the preparation is 0.5 to 10.0 % by 
weight with respect to a total weight of the polyisocy- 
anate and the polyol mixture. 
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Description 
TECHNICAL FIELD 



and modrf.ed polyisocyanurate foams, as insulation materials, provided by reacting a polyisocyanate, a polyol an aro- 
mat.c compound, and water m the presence of a carbodiim.de catalyst and a trimerization catalyst ' 



BACKGROUND ART 



imi ^T eParati ° n ,?! m0dified P 0 ^ 500 ^"^ foam s containing isocyanurate (a trimer of isocyanate) and carbodi- 
™ Li!? 9 * 5 ' S We knOW " in the art as disc,osed b y U.S. Pat. No. 3.657.161. Further arts such as U S Pat Nos 
3 894*72; 3.928.256; 3.981.829; 3.998.766; and 4,166.164 df-ck»e<^v^l^oalaly*:0,fur^^,S 

S ^ ! * f t6m ^P" 51 ^ alkano1 amino tria2in *- hexahydrotriazine. and phenol or substituted phenol 
«v) oxyalkylated Manmch polyols. and (v) Cl _C 8 alkali metal carboxylates as trimerization catalysts 
ro( '" 9ene ; al : me ^ POlyisocyanurate foams produced in these preparations have high friability and poorflame- 
etardancy for insulation materials. Thus phosphorous compounds containing active hydrogen have been employed to 
SSI f,am !" retard f nc y ° f the « ^closed in U.S. Pat. No. 3.994.893. The use of toluene S£%££ 

3 994 837 * imPr ° Ve friabiNty f lame - retardanc y ° f «"e foams and is described in U.S. Pat. No. 



3,994,837. 

In the foregoing preparations, chlorofluorocarbons were used as blowing agents. However, due to the prohibited 
use erf ^chlorofluorocarbons in near future, processes of the preparation of the foams without the use of chlorofluoroca^ 
^ S 6n ,n the arts disclosed by European Patent Publication EP 0381 324 A1 and U.S. Pat No 

5. 1 26.305. These arts describe the use of phospholene oxides as carbodiimide catalysts and water so as to form carbon 
™!T 3 a f Unfortunatel * }he employment of water brings urea linkages which are spread unevenly and 

SufftrtnSh ° n ° f T ™1 ? ** f0amS - ^ the ,03mS pr ° Vid6d by these processes were fria °ie and possessed 
insufficient adhesion strength for insulation materials. 

DISCLOSURE OF THE INVENTION 

The present invention relates to the manufacture of insulation panels using the modified polyisocyanurate foams as 

ZfS ST H ,ati ° n Pan6,S madS fr ° m f ° amS ^ ° ften US6d 35 instruction P maLals sucf^ as buying 
walls and roofs of warehouses and factories. Thus the panels are required to have low friability, high compression 
strength, excellent flame-retardancy, and. particularly, high adhesion to plates of the insulation panels C ° mpreSS '° n 

The present .nvent.on involves the use of aromatic compounds in addition to the prior art process The aromatic 
compounds are used as chain extenders to form hard segments which are scattered at llecular levefas frm ^£ 
IS t Ch f ins ° f the foams - aerator., the use of the aromatic compounds enables to improve no onj Son 
strength but also compression strength and friability of the foams. 

A foam reaction system contains a polyisocyanate and a polyol composition mixture comprising a polyol an aromatic 

"sToTo 0 ZT:£T Z T t 3 Carbodiimide cata * st - A amoumrtthe a'romJc compo^d is 

of J a Jr in Z ♦ ca,clJlated based u P° n a total amount of Polyol mixture and the isocyanate. An amount 
of water in the present invent, on .s typically 0.5 to 1.5 wt % based on the total weight of the reaction system A foam 
22^" ° b a ' ned ,J mp,y by addi "9 * e PO'y-socyanate to the polyol mixture. This admixture is injected Sen metal 
plates separated with space and allowed for foaming, in resulting that the foamed admixture adheres to the plates 

titJSb^JS^"^ manufaCtUred by USing carbon dioxide as a b,owi ng a 9ent. allowing no use of 

BRIEF DESCRIPTION OF THE DRAWINGS 

.FIG. 1 is a cross sectional view of a mechanical system of manufacturing insulation panels from modified polyiso- 
cyanurate foams prepared in the present invention; 

hImN J S 3 pefSpec ^ ve view <* a aantr V injecting a mixture of starting materials space between plates and 

double conveyers adjusting the space; and h 

anl^ 9 *?** ? 3 (3) F ' G - 3 (b)l il,UStrateS 3 CrOSS SeCti0nal view of an insu,a «°n panel comprising 

Lnnl^^ " * foam S6alant inr FIG - 3 (a) : and a cross sectional of the insulation panel 

connected in series with other insulation panels in FIG. 3 (b). 
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DESCRIPTION OF THE INVENTION 

In accordance with the present invention, modified polyisocyanurate foams are provided by a reaction of a polyiso- 
cyanate in the presence of a polyol composition mixture comprising aromatic compounds, trimer.zat.on catalysts car- \1 0 
s bodiimide catalysts, and water. The use of the aromatic compounds is the essence of the present inventor, and the L 
compounds are used as chain extenders to improve adhesion strength, compression strength, and fr.ab.l.ty of the foams. 
The trimerization catalyst promotes the formation of isocyanurate linkages whereas the carbodiim.de catalyst promotes . ^ 
the formation of carbodiimide linkages, associating with evolution of carbon dioxide. Also, another carbon diox.de is 
formed in a reaction of the polyisocyanate with water. As mentioned previously, these carbon d.ox«Jes are used as a 
io blowing agent in the preparation, thus without using environmentally unsafe chlorofluorocarbons. 
Details of the starting materials listed above are described in the following. 

Suitable polyisocyanates used in the present invention are aliphatic, alicyclic. and aromatic poly.socyanates. It may 
be possible to use polyisocyanates having a combination of these groups. It is also plausible to employ polyisocyanates 
used in the preparations of polyurethanes and polyisocyanurates. 

, 5 It is preferred to use aromatic diisocyanates such as 2,4-toluene diisocyanate (2.4-TDI). 2.6-toluene diisocyanate 
(2 6-TDI) crude toluene diisocyanate (crude-TDI), 4.4'-diphenyl methane diisocyanate (pure-MDI). and poly methylene 
polyphenyl polyisocyanate (crude-MDI); aromatic triisocyanates such as 4.4\4"-triphenyl methane triisocyanate and 
2 4 6-toluene triisocyanate; aromatic tetraisocyanates such as 4,4'<iimethyl diphenyl methane-2.2^5.5^tetra,soc y anate; 
aliphatic isocyanates such as hexamethylene-1 ,6-diisocyanate; alicyclic isocyanates such as hydromethylene diphenyl- 

20 diisocyanate; and others such as m-phenylene diisocyanate. naphthalene-1 ,5-diisocyanate. 1 -methoxypheny -2,4-d.,so- 
cyanate. 4,4-biphenyt diisocyanate. 3.3 > -dimethoxyl-4,4'-biphenylene diisocyanate. and 3.3^imethyld.phenyl methane- 

4 ' 4 tirmosSeferred to use 2,4-TDI. 2.6-TDI, crude-TDI. pure-MDI. crude-MDI. hexamethylene-1 .6-diisocyanate. and 

hydromethylene diphenyldiisocyanate. 

25 Suitable polyols used in the present invention are selected from aliphatic, sacchar.de. and aromatjc polyols, it is 
suitable to use polyols with a combination of these groups. Such polyols are polyether polyols. polyester polyols. caster 
oils, and the like. It is also suitable to use either high or low molecular polyols that are normally used for the preparat.cn 

0< PO The polyether polyols are prepared, for example, by the addition of alkylene oxide to active hydrogen containing 
30 compounds such as polyalcohols. polyphenols, amines, and polycarboxylic acids. 

Suitable polyalcohols for the preparation of the polyether polyols are diols such as ethylene glycol, propylene glycol. 

1 4-butadiol. 1 .6 hexadiol. diethylene glycol, and n-pentylglycol; and triols such as glycerin, pentaerythntol. and sucrose. 
Suitable polyphenols for the preparation of the polyether polyols are pyrogallol. hydroquinone. b.sphenol A. and a 

condensation product of phenol and formaldehyde. 
35 Suitable amines for the preparation of the polyether polyols are ammonia; alcohol amines such as monoethanol 

amine diethanol amine, triethanol amine, isopropanol amine, and amino ethyl ethanol amine; alkyl amines containing 

an CvC 22 alkyl group; aromatic amines such as diamines containing an C r C 6 alkylene group, polyalkylene ammes, 

aniline, phenylene diamine, diamine toluene, xylene diamine, methylene dianiline. and diphenylether diarmne; ahcycl.c 

amines such as isophorone diamine cyclohexylene diamine, and heterocyclic amines. 
40 Suitable carboxylic acids for the preparation of the polyether polyol are alicyclic polycarboxylic acids such as succinic 

adipic. sebacic. maleic. and dimer acids; and aromatic polycarboxylic acids such as phthalic. terephthahc. tnmellitic. and 

Pyr0 Mol l e tl than two kinds of these active hydrogen containing compounds are used in the preparation of polyether polyols. 

The alkylene oxide added to the active hydrogen containing compounds may be any one of propylene ox.de. ethylene 
oxide, butylene oxide, and tetrahydrofuran. If more than two kinds of these alkylene oxides are used, they may be either 
block or random-added to the active hydrogen containing compounds. 

Any suitable polyester polyols are used as polyols in the present invention, but it is preferred to use condensed 
polyester polyols prepared from polyalcohols (such as the diols listed above, trimethylol propane, and glycerin) and 
polycarboxylic acids (the ones listed above); polyester polyposis prepared from the ring-open.ng polymer.zat.on of 
lactones; polyester polyols prepared from the addition of ethylene oxide adducts of nonyl phenol to scrap polyesters. 

Most preferred polyols are aromatic, aliphatic, aromatic or aliphatic amine, pentaerythritol. or saccharide polyether 
polyols; aromatic or aliphatic carboxylic acid polyester polyols; and lactic polyester polyols. 

The suitable and preferred polyols have their hydroxy! value ranges: generally, from 20 to 600 mg KOH/g; preferably, 
from 25 to 500 mg KOH/g; and. most preferably, from 50 to 400 mg KOH/g. 
More than two kinds of these polyols may be used in the present invention. 

Suitable aromatic compounds used in the present invention play an important role as charn extenders for the prep- 
aration of the modified polyisocyanurate foams. In the foam reaction, the aromatic compounds react w.th the polyisocy- 
anate resulting in the formation of hard segments in polymer chains of the foams. Cross linkers are often used to increase 
the cross linkage density of the foams, in resulting increases of compression strength and bend.ng strength but an 
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increase of flexibility and an a decrease of adhesion strength. On the other hand, the chain extenders improve not only 
the compression and bending strengths but also the friability and the adhesion strength. 
The aromatic compounds are represented by the following formulae (I) and (II): 



(i) 



10 



HR30 




C- 

R2 




OR4H 



IS 



20 



(II) 



RsHN 




25 



wherein and R 2 represent one of H and -CH 3) R 3 and R 4 represent one of the following (a) and (p): 



30 



_(CH 2 CH20)_ 

(or) 



and 



_(CH2CHO) r 



35 



40 



R5 and R 6 represent C r C 4 alkyl groups, and n represents an integer from 1 to 4. 

In particular, it is most preferred to use the following aromatic compounds represented by (l-a),(l-b),(l-c), and (ll-a): 



45 



(I-a) 



so 



CH, 



H(OCHCH 2 )*0 




CKCHjCHCOiH 



CH, 



CH, 



CH, 
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10 



15 



20 



25 



30 



(I-b) 



CH, 



H(OCHCH,) 4 0-^-C-^-0(CH,CHO)i.H 
CH » CH, CH, 



(I-c) 



H(OCH.CH,)< 



CH, 




C ~"<(1/ — 0(CH 2 CH 2 0)4H 
CH, 



35 



40 



(II-a) 




45 



Suitable trimerization catalysts used are hydroxy! alkyl quaternary ammonium compounds which are normally 
^^^S^^SS^"^- r6SinS " PO ' yUrethane PO,yiSOC ^ nurate resins - ™*» —Po^s are 
The trimerization catalysts in this invention are the following quaternary ammonium salts represented by the formula 



so 



ss 
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R14 OH 

• I© i e 

R15 — N — CH2 — CH — R17.OC — Rif 
I 

R16 

O 



Whe !t1s T T eSem a,ky ' 9r0UPS ' R17 and R18 represent one ^ hydrogen and alkyl groups 

It «s preferred to use quaternary ammonium compounds from (V-a) to (v-l): 



75 
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(V-a) 



(V-b) 



9 H * ? H C*H 5 

I 



CH,®NCH 2 CHCH S -e 0 CCH (CH 3 ) a CH, 

II 

CH, 0 



CH, OH 
CH, e NCH 2 CHCH 8 - e OCH 



CH S 0 
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(V-c) 



CHs OH C«H. 

I ! > 

10 CHs®NCH 2 CHCH. - e OCCH 2 CHC.H, 

I 0 

CHa 

15 



(V-d) 

20 



CH, OH 
I I 

CH,°NCH,CHCH. - e OCC.H.. 

I O 
C 2 H 4 OH 

30 

(V-e) 

35 

CH, OH 
I I 

CH.®NCH,CHCH,- e OCCH,OH 
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(V-f) 

'5 



10 



15 



(V-g) 

20 



25 



30 



(V-h) 
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CH, OH CHi 



CH, e NCH 2 CHCH,.e 0 CCH(CH l ) s CH, 
CH, O 



CH, OH CjHs 
CH 3 ®NCH,CHCH..e 0 cCH(CHO 8 CH3 



C 2 H«OH 0 



40 - p rj © 



CH, OH 
CH -*NCH,CHCH..e OC CHrOH 



C»H«OH 0 
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(V-i) 



CH, OH 
J I 

10 HOC 2 H«®NCH a CHCH 8 - e OCCH=CH 2 



C a H 4 OH 0 



15 



(V-j) 

20 



25 



30 



(V-k) 

35 



40 



45 



CH, 



CH»®NCH 2 CH 2 OH ^OC-C-CH, 
I II II 

CH, 0 0 



CH, OH 



HOC 2 H 4 ®NCH 3 CHCHa- e OCH 

I " 
C 2 H,OH 0 
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ifcjcnrvirv ,-cd nTi«mTAo- 
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(V-l) 

5 

CHs OH C*H 5 

HOCaH4®NCH,CHCH..- °OC CH(CHOsCH 3 

10 | II 

I O 
C 2 H«OH u 



15 

In particular, it is most preferred to use (V-a), (V-b). (V-k) and (V-l). 
Other suitable trimerization catalysts are carboxylic acid salts such as potassium 2-ethyl hexanoic acid and sodium 
acetate- DBU (1 8-diazabicyclo [5.4,0] undencene-7) salts such as phenolic salts and acetic salts; tertiary amines such 
as 1.3,5-tris-(N,N-dimethyl amino propyl)-s-triazine. and 2.4.6-tris-(dimethyl amino methyl) phenol. Moreover, it is suit- 
20 able to use alkaline metal salts of aliphatic monocarboxylic acids represented by the formula (VI) : 

R20-COOM ( V| ) 

(Rzo is hydrogen, substituted or unsubstituted aliphatic hydrocarbons having a C r C 7 . and M is an alkaline metal). 

25 More than two kinds of the trimerization catalysts listed above may be used in the present invention. 

Carbodiimide catalysts containing phospholene oxide are used in the present invention and disclosed in U.S. Pat. 
No 3 657 161 . As mentioned previously, the catalysts function as a promoter for the formation of carbodiimide linkages 
and a blowing agent to form carbon dioxide in the foam reaction. An amount of water used in the preparation of the 
foams is reduced such that the negative effect of the urea linkages, causing high friability of the foams, is diminished. 

30 The use of the catalysts in the present invention results that the foams have low flexibility, sufficient compression and 
adhesion strengths. 

It is preferred to use at least one of the following catalysts represented by the formulae (III) and (IV): 



Ra R9 R8 R9 R 10 




(III) (IV) 



so wherein R 7 represents substituted or unsubstituted alkyl. phenyl, naphthyl, or benzyl groups; R 8 , Rg. Rio. R«. R12. and 
R 13 represent hydrogen, chloride, or alkyl groups having a carbon number of 1 to 4. 

Suitable substituted or unsubstituted alkyl groups for R 7 are of straight chains, branching chains, and these types 
substituted partially by halogen and other functional groups. Such groups are methyl, ethyl, propyl, isopropyl. n-butyl. t- 
butyl 2-phenylethyl 2-chloroethyl, and 2-methoxylethyl. It is possible to use substituted or unsubstituted phenyl, benzyl, 

55 and naphthyl groups such as o-. p-. or m-tolyl. xylyl. naphthyl. 4-diphenyl, o-. p-. or m-chlorophyneyl. Most suitable 
groups for R 7 are C r C 4 alkyl. phenyl, and benzyl. Suitable groups for R 8 to R13 are hydrogen, chloride, methyl, ethyl, 
propyl, isopropyl. and butyl. Most suitable groups for R 8 to R i3 are hydrogen and methyl. 
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hoi*!! i$ re ' 6rr f to use 1 - meth y' Phospholene oxide. 3-methyl-1 -phenyl phospholene oxide. 3-methyM -benzyl ohosc- 

It is most preferred to use 3-methyl-1-phenyl-2-phospholene oxide and 3-methyl-1-phenyl-2-phospholene oxide 
The former ,s represented by the formula (lll-a), and the latter is represented by the formula (IV-a) 



10 



(Ill-a) 



CH, 



15 



0=P 



20 



(IV-a) 



25 



CH S 



30 



0=P 



Ph 
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More than two kinds of these carbodiimide catalysts described above may be used in the present invention 
In the conventional process of the preparation of the modified foams, ch.orof.uorocarbons ^ 

are T" t0 dama9e the 020ne ,ayer of the earth: the " ^rSSw 

rttaTSit^?^ prohibited in near future. In order to replace the use of chlorof luorocarbons in the preparation. 
1 b ^ n pr °P° sed to use carbon d'^'de which is obtained from the reaction of the polyisocyanate with water and 

Sh?; 0 ^ 

2R-NCO + H2O R-NHC(0)NH-R + C0 2 . 

Si^SS^S^ESSSSf. ^ *' ^ di ° Xide 35 3 bl ° Win9 39ent m0difi6d PO^-cy-n-ate foams are 
However, the urea linkages are formed in the reaction of water and the isocyanate. The linkages are distributed 
unevenly or ununiformly in the foams and cause coagulation or domain which makes the faiT^i^tJIf 

ssc; a serious probiem when the foams are used as insuiaaon materia,s ™™ 

friaJl'r 6 ^ 1 !! 3, USS ° f * he ar ° matiC com P° unds in the P"*ent Mention improves all of compression strength 

J^^TT- Stfen9th ° f faflm8 - Th6refore - the USe ° f the aroma,ic oonWds solves the probtm and' 
provides modified polyisocyanurate foams having excellent adhesion strength and high compression streng!, 

Depending upon necessary physical conditions of the foams, it is preferable to use additives such as- S urethane- 

dTeStn "th ^ h trie ^ lenediamine - di ™«* --no. amine, triethyl amine, trimethyl JSSS^i^SSZ 

t^o^T^TT^^ diethy ' ene triamine - N - methy ' morph0line - dibu *' tin ^laurate tin octoate a^d 
h?«H 1 i i cros *- |,r * 6rs - «clud.ng chain extenders, such as ethylene glycol, propylene glycol. 1 4-butadiol 1 6- 
hexad,ol. Methylene glycol, triethanol amine, diethanol amine, ethylene diamine, and toluene diamine J? suffactent 
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25 



45 



50 



55 



ch,oroethy.)p h o^^ 

(bromocresyl) phosphate, me.an.ine. and antimony trioxide; 

previously. It is preferred to add uretta^^STIl£^^ TJ * T***™*" 9 compounds described 
to the polyol composition * " Surfactants ' cross-lmkers. f lame-retardants. and coloring agents 

preferred to use the oartjdirife catTl«K of?,^,^? ^ "T" a ™ 1 "" 01 9,9 P°lyisooyanate (1 is most 
_ Nation oatatysts to ft. «S2S2£2 S £££ Kr^o^^fST" ? ^ 

» is most preferred to use a range of 1 to 1 0 wt % " the present ,nverrti °n- ft 

preferably from 2* t 4 0 " genii al the iscTv^Si T W " ^ fr0m 1 8 10 5 0 and ™* 

foam increases. 9 'socyanate ,ndex value .ncreases, flame-retardancy of a polyisocyanurate 

30 A reaction system used in the present invention consists of the following two carts- (i) an knr^n^ „ ■ 

prepolymer comprising an isocyanate and doIvoIs- (in * nniuni W ,soc y anate or an 'socyanate 

trimerization catalysts carbcxSe c^t^ COnS ' St,ng ° f aromatic compounds. 

Pane^S^ 

of me insutation w™"X^n^T^ °"<™*™* making meftod 

(I.^X'rtX^^ 

^aS™ 

upward and downward ^yers (17a) and (17b) that are furnished in the oven (8) and move hydraulically 
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r 

MR-200: a crude-MDI (product of Nippon Polyurethane Kogyo Sha). 
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EXAMPLES 





i 




O 


A 
*+ 


c 
D 


O 




Polyols (wt%) 
















PS-3152 


14^. 




10.5 


6.5 


1 1 .5 


1 1.0 




PS-2352 
















Aromatic compounds (wt%) 
















BA-P4 


1.0 


3.0 


5.0 


1 0.0 








BA-P8 










5.0 






BA-8 












5.0 




UNILINK-4200 
















water (wt%) 


0.7 


0.7 


0.7 


0.7 


0.7 


0.7 




Trimerization catalysts (wt%) 
















DABCO TMR 


1.5 


1.5 


1.4 


1.3 


1.6 


1.3 




DABCOK-15 
















SA-NO.l 
















Carbodiimide catalysts (wt%) 
















2-PMPO 


0.5 


0.5 


""0.5 


0.5 


0.5 


0.5 




3-PMPO 
















Urethane-urea catalyst(wt%) 
















DMEA 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 




Surfactant (wt%) 
















SH-193 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 




Flame-retardant (wt%) 
















FLROL-PCF 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


V 


Polyol composition sum(wt%) 


21.9 


21.9 


22.3 


23.2 


23.5 


22.7 


crude MD1 (wt%) 


78.1 


78.1 


77.7 


76.8 


76.5 


77.3 




Isocyanate index 


3.5 


3.5 


3.5 


3.5 


3.5 


3.5 r 




Reactivities 
















Cream time (s) 


tl 


12 


1 1 


1 1 


10 


13 




Rise time (s) 


68 


64 


67 


61 


59 


63 




Free rise density (kg/w?) 


37 


38 


38 


40 


34 


36 




Panel thickness (mm) 


35 


35 


35 


35 


35 


35 




Overall density (kg/m 3 ) 


50 


50 


50 


50 


50 


50 




10%compression strength (kg/cm 2 ) 
















Batch 


1.6 


1.7 


1.9 


2.1 


1 .7 


1.9 




Continuous 


1.4 


1.6 


1.9 


1.9 


1 .4 


1 o 

1.8 




/\unesiun siren gin ^Kg/cm ) 
















Batch 


1.3 


1.4 


1.5 


1.7 


1.4 


1.6 




Continuous 


1.5 


1.6 


1.7 


1.8 


1.5 


1.7 




Friability (%) 
















Batch 


48 


37 


31 


28 


30 


25 




Continuous 


41 


33 


28 


24 


27 


23 




Dimensional stability (80°Cx3h) (%) 


0.3 


0.2 


0.5 


0.2 


0.3 


0.1 




Dimensional stability (-20°Cx3h) (%) 


-0.2 


-0.1 


-0.2 


-0.1 


-0.1 


-0.3 




Cutting test (less than 10°C) 


Good 


Good 


Good 


Good 


Good 


Good 




Exposure test (for 6 months) 


Good 


Good 


Good 


Good 


Good 


Good 
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(25) are adjusted in order to mass-produce the panels (5) efficiently. An original panel (7) consists of the insulation 
mixture (4) sprayed and the top (1) and bottom (2) plates that sandwich the insulation mixture (4). 

Coming back to Fig. 1 . the original panel (7) is transported farther and cut by a cutter (20) in order to make insulation 
panels (5) out of the original panel (7). The insulation panels (5) go though, first, a reject piler (22) that ejects defectives 
out of a manufacturing line and." second, a main piler (24) that stacks the panels in units. 

A cross sectional view the insulation panel (5) is shown in Fig.3 (a). A cross sectional view of the insulation panels 
(5) connected in series is shown in Fig.3 (b). A plastic foam sealant (31) is inserted at the end of the female end (30), 
and a piece of moisture preventive tape seals the top of the male end (32). The purpose of these sealing devices is to 
keep the insulation material (4) inside the panels (5). 

It is possible to manufacture insulation panels in batches, instead of using the continuous manufacturing method 
described above, and insulation panels with only a top plate by using the techniques in the present invention. 

EXAMPLES 1-4 

Crude-MDI (modified diisocyanate), a polyisocyanate. was used in the present invention. The isocyanate was mixed 
with a polyol composition mixture comprising a polyol. an aromatic compound, a trimerization catalyst, a carbodiim.de 
catalyst a urethane-urea catalyst, a surfactant, and a flame-retardant. These components of the polyol mixture are 
selected from the corresponding compounds described previously. The sum of the mixture and the polyisocyanate was 
weighed exactly 150 g. The mixture was vigorously stirred with a mechanical drill (2200 rpm. with a 30 mm 0 drill fin) 
for five seconds. Then a 120 g portion of the mixture was transferred into a wooden box 150 x 150 x 150 mm for free 
foaming. Cream and rise times of the foam in the box were measured. The cream time is defined as time length between 
when the portion is stirred and when it starts foaming. The rise time is defined as time length between when the portion 
is stirred and when it ends foaming. Furthermore, the foam was trimmed such that the volume of the foam became 100 
x 1 00 x 1 00 mm. A free rise density of the foam was calculated by dividing the weight of the foam by the volume of the foam. 

Insulation panels of the modified polyisocyanurate foam were prepared in batches. First, two steel plates with thick- 
ness of 0 5 mm were supported with a separated space in a molding tray 260 x 260 x 35 mm heated at 60° C. Second, 
a 1 20g portion of the insulation material was poured between of the plates and let the portion foam. Third, the resulting 
insulation panel was cut into pieces of a size of 100x100x35 mm; a product density of the foam was about 50 kg/m3. 

Moreover insulation panels were prepared by the continuous method described above. Prepainted galvanized steel 
plates of the insulation panels were heated at 40 to 50" C. An overall density, density of the insulation material used in 
the continuous method, was 50 kg/m3. The resulting insulation panel dimensioned 35 x 910 mm (thickness x width). A 
line speed in the continuous method was 8.0 m/min. 

Important physical properties of the foams are adhesion strength to plates, 1 0% compression strength, and friability. 
They were determined according to the following: (i) JIS A 9514 for the standard of the adhesion strength, (ii) ASTM C 
421 for the standard of the friability, and (iii) J IS K 6848 for the standard of the 1 0% compression strength, respectively. 
Furthermore additional tests such as dimensional stability, cutting, and exposure tests were applied to examine qualities 
of insulation panels. Specific definitions of these tests are explained by the following: (iv) the dimensional stability test 
is examinations of the thickness of a panel at two different temperatures: high (80° C) and low (-20° C); (v) the slicing 
test is an examination of the presence of cracks in the panel and detachments of the foam from the plates after the 
insulation panel cooled at 1 0° C is cut; and (vi) the exposure test is an examination of cracks in the panel and detachments 
of the foam from the plates after the insulation panel was exposed outdoor for 6 months. These physical measurements 
and tests were applied to the foams prepared by both batch and continuous methods. 

For modified polyisocyanurate foams prepared in examples 1-4. an amount of the aromatic compound BA-P4 was 
increased from 1 .0 % to 10.0 wt %. As a result, values of the adhesion strength and 10% compression strength of the 
foams were increased when the amount of the aromatic compound was increased. The friability of the foams was also 
improved Thus, it follows that the use of the aromatic compound as a chain extender contributes to the improvement 
of the friability adhesion strength, and compression strength of the foams. Insulation panels prepared in examples had 
high dimensional stability and no cracks and detachments from the plates. No chlorofluorocarbon was used in these 
examples. 

EXAMPLES 5-7 

A series of modified polyisocyanurate foams was prepared by the same process explained previously except with 
the uses of different aromatic compounds: namely. BA-P8. BA-8. and UNILINK-4200. Insulation panels prepared in 
examples had high dimensional stability and no cracks and detachments from the plates. 

The following TABLE I describes ingredients and amounts of the foams prepared in examples 1-6. values of the 
physical properties necessary to determine the qualities of the foams and results of the tests for the insulation panels 
prepared in these examples. 

The following list summarizes abbreviated compound names used in examples and comparative examples: 
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15 



25 



30 



35 



(product of Toray-Dowcorning-Silicone Corporations). 

FIROL-PCF; a flame-retardant of tris-(£ -chloropropyl) phosphate (product 

of Akzo-Kashima Corporations). 

DEG; an aliphatic compound of diethylene glycol. 

TEG: an aliphatic compound of triethylene glycol. 

CFC-1 1 : a chlorofluorocarbon of trichlorofluoro methane. 



20 EXAMPLES 8-10 



the use - TJZrt ! Poly-socyanurate foams was prepared by the same process explained previously except with 
the uses of Afferent .socyanurate-tnmer.zat.on catalysts: namely. DABCO TMR, DABCO K-15 and SA-NO 1 Insulation 
panels prepared .n examples had high dimensional stability and no cracks and detachments from the plates 

EXAMPLES 11-12 

c*J^«T e ^ i ^P° | y isoc y anura te f oams were prepared by the same process explained previously except by 
Sr ° f PP,y0l$: name ' y ' PS " 3152 and PS ' 2352 - Comparing the results of examples 2 aS 1 1 

fol £S S s-gnfficanty as an amount of the polyo. PS-3152 increased from 12.0 % to 2 ToZ % T^erefc ll" 

olS S hion h 6 ,ncrease ; n t th ( e I P 0, y° l rate ^Proves the friability of the foam. Insulation panels prepaTedin exam 

pies had h.gh d.mens.onal stability and no cracks and detachments from the plates 

The follow.ng TABLE II describes ingredients and amounts for the foams prepared in examples 7-12 values of the 

physical properties of the foams and results of the test for the insulation panels. P " 6 



40 



45 



SO 
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PS-3 1 52: a polyester polyol at the hydroxy 1 value of 3 1 5 (product of J 

STEPAN Corporation). ^ 

PS-2352: a polyester polyol at the hydroxyl value of 235 (product of 
STEPAN Corporation). 

NP-300: a polyether cross-linker at the hydroxyl value of 767 (product of 
Sanyokasei Kogyo Sha). 

BA-P4: an aromatic compound represented by the formula (I) (a) (product 
of Nippon Nyukazai Sha). 

BA-P8: an aromatic compound represented by the formula (I) (b) (product 
of Nippon Nyukazai Sha). 

BA-8: an aromatic compound represented by the formula (I) (c) (product of 
Nippon Nyukazai Sha). 

UNILINK-4200: an aromatic compound represented by the formula (Il-a) 
(product of UOP Corporation). 

DABCO TMR: a trimerization catalyst represented by the formula (V) (a) 
(product of Airproducts Corporation). 

DABCO K-15: a trimerization catalyst of potassium 2-ethyl hexanoate 
(product of Airproducts Corporation). 

SA-NO.l: a trimerization catalyst of DBU (1,8-diazabicyclo [5,4,0] 
undencene-7) phenolic salt (product of Sanapro Corporation). 

2- PMPO: a carbodiimide catalyst of 3-methyl-l-phenyl-2-phosphorous 
oxide. 

3- PMPO: a carbodiimide catalyst of 3 -methyl- l-phenyl-3 -phosphorous 
oxide. 

DMEA: a urethane-urea catalyst of dimethyl ethanol amine. 

SH-193: a surfactant of dimethyl siloxane polyether block co-polymer 
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TABLE II 



EXAMPLES 







7 


8 


9 


10 


1 1 


12 




Polyols (wt%) 
















PS-3152 


9.0 


12.0 


12.0 


12.0 


20.0 






PS-2352 














10 


Aromatic compounds (wt%) 
















BA-P4 




3.0 


3.0 


3.0 


3.0 


3.0 




BA-P8 
















BA-8 
















UNILINK-4200 


5.0 












15 


water (wt%) 

Trimerization catalysts (wt%) 


0.7 


0.7 


0.7 


0.7 


0.7 


0.7 




DABCO TMR 


1.3 






1.5 


1.3 


1 6 




DABCO K-15 




1.7 










20 


SA-NO.l 






1.4 








Carbodiimide catalysts (wt%) 
















2-PMPO 


0.5 


0.5 


0.5 




0.5 


0.5 




3-PMPO 








0.5 








Urethane-urea catalyst (wt^) 














25 


DMEA 


0.2 


0.2 


0.2 




0 3 


0 7 


Sarfactant (wt%) 
















SH-193 


1.0 


1.0 


1.0 


1.0 


1.0 


1 0 




Flame-retardant (wt°/a\ 
















FLROL-PCF 


3.0 


3.0 


3.0 


3.0 


3.0 


3 0 


30 


- Polyol composition sum(wt%) 


20.7 


22. r 


21.8 


21.9 


29.8 


25.0 




crude MDI (wt%) 


79.3 


77.9 


78 2 




10 7 


7^ n 




Isocvanate index 


3.5 


3.5 


3 S 


3 S 


7 <\ 
Z.J 






Reactivities 
















Cream time (s) 


12 


12 


12 


10 


1 1 
1 I 




35 


Rise time (s) 


61 


62 


65 


60 


J o 


o t 




Free rise density (kg/m 3 ) 


36 


37 


40 


36 


38 

_J o 


J o 




Panel thickness ( mrrA 


35 


35 


35 


35 


J j 






Overall density (kg/m 3 ) 


50 


50 


50 


50 


50 


50 


40 


10%compression strength (kg/cm 2 ) 














Batch 


1.8 


1.8 


1.7 


1.7 


1.6 


1.7 




Continuous 


1.8 


1.6 


1.7 


1.9 


1.4 


1.6 




Adhesion strength (kg/cm 2 ) 
















Batch 


1.6 


1.3 


1.3 


1.6 


1.2 


1.6 


45 


Continuous 


1.7 


L7 


1.7 


1.8 


1.4 


1.7 


Friability (%) 
















[M "Balch 


25 


34 


29 


32 


25 


29 




if M Continuous 


23 


31 


29 


30 


22 


26 




Dimensional stability (80°Cx3h) (%) 


0.4 


0.2 


0.1 


0.1 


0.3 


0.2 


50 


Dimensional stability (-20°Cx3h) (%) 


-0.1 


-0.2 


-0.3 


-0.1 


-0.2 


-0.2 




Cutting test (less than 10°C) 


Good 


Good 


Good 


Good 


Good 


Good 




Exposure test (for 6 months) 


Good 


Good 


Good 


Good 


Good 


Good 



55 

Modified polyisocyanurate foams prepared in the following comparative examples were provided by the same prep- 
aration process explained previously in examples discussed above except that at least one component of the polyol 
mixture was either missing or changed. Each sum of the ingredients in these comparative examples was also weighed 



17 



EP 0 716 107 A2 

exactly .1 50 g. Cream times, rise times, and free rise densities of the foams were measured by using the same methods 
mentioned previously. Adhesion strengths. 10% compression strengths, and friabilities of the foams were measured by 
using the same standards. Qualities of the insulation panels were evaluated by the tests in examples. 

5 COMPARATIVE EXAMPLE 1 

No carbodiimide catalyst was used in this example. A free rise density of the resulting foam in this example was 
more than 50 kg/rrP, due to an insufficient amount of carbon dioxide. Thus the foam had high density so that the man- 
ufacture of insulation panels by both continuous and batch methods were extremely difficult. 

w 

COMPARATIVE EXAMPLE 2 

In this example also, no carbodiimide catalyst was used. Instead, an amount of water was increased from 0.7 % to 
1 .2 wt % in order to compensate an amount of carbon dioxide that the use of carbodiimide catalyst would have formed. 
is However, significant urea linkages were formed in this preparation, resulting in an increase of coagulation in the foam. 
Comparing this result with the ones in examples 1-12, the foam became extremely friable and the compression strength 
and adhesion strength of the foam were considerably reduced. Detachments of the foam from the plates of insulation 
panel prepared in this example were observed in both the cutting and exposure tests. 

20 COMPARATIVE EXAMPLE 3 

No aromatic compound was used in this example. The resulting foam showed low compression strength and poor 
adhesion strength compared with those physical properties in examples 1-12. Cracks on the insulation panel prepared 
in this comparative example were observed in both the cutting and exposure tests. The friability was also increased in 
25 this example. 

COMPARATIVE EXAMPLE 4 

No water was used in this example. Instead, an excess amount of carbodiimide catalyst was used to supply enough 
30 carbon dioxide in the reaction. Comparing this result with the ones in examples 1 -1 2. the resulting foam in this compar- 
ative example had insufficient compression strength and adhesion strength required for insulation panels. The dimen- 
sional stability of the insulation panel prepared in this comparative example was weakened at least by factor of 10. 
Considerable shrinkage of the panel was observed by the exposure test. 

35 COMPARATIVE EXAMPLES 5-6 

Aliphatic compounds, instead of the aromatic compounds, were used in these comparative examples. The foams 
prepared without the use of aromatic compounds had insufficient compression strength and adhesion strength required 
for insulation panels. These comparative examples, together with comparative example 3, demonstrated importance of 
40 the use of the aromatic compounds in the present invention. The dimensional stability of the insulation panel prepared 
in this comparative example was weakened at least by factor of 5. Cracks in the panel were observed by the cutting and 
exposure tests. 
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TABLE III 





COMPARATIVE EXAMPLES 




i 
i 


9 




4 


5 


6 


Polyols (wt%) 










6.5 


8.5 


PS-3152 


12.0 


5.0 


14.5 


22.0 


PS-2352 














NP-300 














Aromatic compounds (wt%) 














BA-P4 




3.0 




3.0 






Aliphatic compounds (wt%) 










3.0 




DEG 












TEG 












3.0 


water (wt%) 


0.7 


1.2 


0.7 




0.7 


0.7 


Fluorocarbon 














CFC-ll 














Trimerization catalysts (wt%) 












1.6 


DABCO TMR 


1.5 


1.7 


1.5 


1.5 


1.5 


Carbodiimide catalysts (wt%) 














2-PMPO 






0.5 


1.8 


0.5 


0.5 


Urethane-urea catalyst (wt%) 














DMEA 


n i 


n i 




0 4 


0.2 


0.2 


Surfactant (wt%) 












1.0 


SH-193 


i n 
t .u 


1 O 


1 0 


1.0 


1.0 


Flame-retardant (wt%) 














FLROL-PCF 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


Polyol composition sum(vvt%) 


1 \ A 


15.2 


21.5 


32.7 


16.4 


18.5 


crude MDI (wt%) 


/o.o 




19. ^ 

/O.J 


67 1 


83.6 


81 .5 


Isocyanate index 


3.5 


3.5 


3.5 


3.5 


3.5 


3.5 


Reactivities 














Cream time (s) 


1 1 
1 1 


1 0 


1 1 


14 


8 


10 


Rise time (s) 


58 


52 


63 


67 


59 


63 


Free rise density (kg/m 3 ) 


52 


38 


37 


36 


35 


38 


Panel thickness (mm) 








35 


35 


35 


Overall density (kg/m ) 




50 


50 


50 


50 


50 


10%compression strength (kg/cm 2 ) 










0.7 


0.6 


Batch 




1.3 


1.0 


0.7 


Continuous 




1.2 


1.1 


0.9 


0.8 


0.7 


Adhesion strength (kg/cm 2 ) 












0.5 


Batch 




0.2 


0.8 


0.6 


0.5 


Continuous 




0.4 


1.2 


0.8 


0.7 


0.6 


Friability (%) 










56 


58 


Batch 




85 


58 


44 


Continuous 




78 


58 


38 


52 


50 


Dimensional stability (80*Cx3h) (%) 




-0.2 


0.5 


-4.6 


-2.4 


-2.6 


Dimensional stability (-20°Cx3h)(%) 




-0.5 


-0.3 


-2.3 


-l.l 


-1.8 


Cutting test (less than I0°C) 




detached 


cracked 


good 


cracked 


cracked 


Exposure test (for 6 months) 




detached 


cracked 


shrunk 


cracked 


cracked 



Table Ml sets forth ingredients and amounts for comparative examples 1-6, values of the physical properties 
foams and results of the tests for the insulation panels prepared in these comparative examples. 
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15 



COMPARATIVE EXAMPLES 7-8 

Neither aromatic compound nor carbodiimide catalyst was used in these comparative examples. Comparing | these 
results with the ones in examples 1 -1 2. the foams in these comparative examples .ncreased the fnable and the com- 
mon strength and adhesion strength of the foams were signrficantly low. The dimen S .onal stab.i.ty of the ■nsulat.on 
pane^epari in this comparative example was weakened at least by factor of 5. Cracks ,n the pane, were observed 

due to the absence of a carbodiimide catalyst. Urea linkages were also formed by the react.cn between pjm^ 

andwafer.me^ 

strength of the foams. 

COMPARATIVE EXAMPLE 9 

In this example, a f luorocarbon was used as a blowing agent. The foam prepared without fluorocarbons in examples 
1-12 particularly the example 2. was as good as the foam prepared in this comparatrve example. 

t5 flowing TABLE IV Kb ingredients and amounts used in the preparations of the foams for «*^e™; 
pies 7-9. values of the physical properties of the foam and results of the tests for the .nsulafon panels prepared .n th,s 

comparative example. 
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TABLE IV 



10 



15 



20 



25 



30. 



35 



40 



45 



50 



INGREDIENTS 



COMPARATIVE 
EXAMPLES 

r 8 



Polyols (wt%) 

PS-3152 

PS-2352 

NP-300 
Aromatic compou ndsjwt°/o) 

BA-P4 

BA-P8 

BA-8 

UNILTNK-4200 
water (wt%) 
Fluorocarbon 

CFC-11 
Trimeri zation catalysts (wt%) 

DABCO TMR 
Carbodiimid e catalysts (wt%) 

2-PMPO 
Urethan c-urea catal yst (wt%) 

DMEA 
Surfactant (wt%) 

SH-193 
Flame-retardant (wt%) 

FLROL-PCF 
Polyol composition sum(wt%) 
crude MDI (wt%) 
Isocyanate index 
Reactivities 
Cream time (s) 
Rise time (s) 
Free rise density (kg/m 3 ) 
Panel thickness (mm) 
Overall density (kg/m 3 ) 
10% compression strength (kg/cm ) 
Batch 

Continuous 
Adhesion strength (kg/cm 2 ) 
Batch 

Continuous 
Friability (%) 
Batch 

Continuous 
Dimensional stability (80°Cx3h) (%) 
Dimensional stability (-20°Cx3h) (%) 
Cutting test (less than 10°C) 
Exposure test (for 6 months) 



7.5 



9.0 



17.0 
3.0 
3.0 



1.2 


1.2 


0.2 






7.0 


1.7 


1 O 
1 -O 


A.\) 


0.3 


0.3 


0.2 


1.0 


1.0 


1.0 


3.0 


3.0 


3.0 


14.7 


16.3 


23.4 


85.4 


83.7 


76.6 


3.5 


3.5 


3.5 


9 


11 


12 


54 


61 


57 


37 


37 


40 


35 


35 


35 


50 


50 


50 


0.7 


0.6 


1.8 


0.8 


0.7 


2.0 


0.2 


0.3 


1.4 


0.3 


0.4 


1.7 


89 


88 


28 


84 


81 


21 


-2.6 


-2.3 


1.3 


-1.8 


-1.1 


-0.4 


detached 


detached 


Good 


detached 


detached 


Good 
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1. An heatinsulation panel comprising a foam of modified polyisocyanurate which is 



ton. sa,d aromatic compound being represented by one of the following forrrST^ ard (1 0 * 



reac- 



(i) 



HFbO 




OR4H 



(II) 



RsHN 




NHRs 



wherein R, and R 2 represent one of H and -CH 3 , R 3 and R 4 represent one of the foHowing («) and (p): 



— (CH 2 CH 2 0>_ 

^ and 



— (CH2CHO) _ 



t 



H 3 



(a) 



03) 



R 5 and R 6 represent a C r C 4 alkyl group, and n represents an integer from 1 to 4. 

i^^^ C ' aim 1 ' Wher6in SSCOnd C3ta,ySt iS « ,east one " »°» represented by the fo.lowing 
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(HI) 



(IV) 



w 



is 




R10 



and 




wherein R 7 represents substituted or unsubstituted alky!, phenyl, naphthyl. or benzyl groups; R 8 . R». R10. R11. R12. 
20 and R 13 represent hydrogen, chloride, or alkyl group having a carbon number of 1 to 4. 

3 An insulation panel of daim 1 , wherein said aromatic compound is incorporated in an am«rtolM to £0 % by 
weight based upon a total amount of said aromatic compound, poly-socyanate, polyol. catalysts, and water. 

25 4. A insulation panel manufactured by the following steps of: 

a) preparing a mixture of a polyisocyanate. a polyol, water, catalysts, and an aromatic compound. 

b) injecting said mixture between a pair of spaced plates, and 

c) reacting said mixture between said spaced plates, so as to provide a foam of modified polyisocyanurate 
adhered to said plates. 

« An insulation oanel of claim 4. wherein said aromatic compound is incorporated in an amount of 0.5 to 10.0 % by 
5 ' wei^S upon a total amount of said aromatic compound, polyisocyanate. polyol, catalysts, and water. 
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